
Droplet size 25μm 20μm 

Pulse number 152 Mpls 527 Mpls 

H2 pressure < 20 Pa 

Debris in Center 

of collector 

(SEM x10,000) 

Sn deposition rate 0.5nm/Mpls <0.002nm/Mpls 
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ABSTRACT 

This paper introduces key components technology update of 100W HVM LPP-EUV (laser produced plasma extreme ultraviolet) source which enable 

sub-10nm critical layer patterning.  This light source system is composed of several key components and each has its innovating, key and original 

technology.  They are perfectly controlled and work harmoniously to produce stable plasma and provide high power EUV light in long term to the 

photolithography equipment.  This paper describes the latest results obtained from our proto systems and test stand which support one 100 watt 

HVM LPP-EUV light source.  Key components performance with experimental data and measurements are reported, such as high power short pulse 

CO2 drive laser, unique pre-pulse laser technology, very small droplet generation, magnetic debris mitigation, laser-droplet shooting control and etc. 

Operational Specification Proto #1 
at work 

Proto #2 
at work 

Pilot 
under 

construction 

Purpose Magnetic Mitigation 
High power and 

stable operation 

Commercial  

beta system 

Performance 

EUV Power ~25 W ~125 W  ~250 W 

CE 4% 4%  4% 

Pulse rate 50 kHz 100 kHz 100 kHz 

Output angle  Horizontal 62ﾟ upper (matched to NXE)  

Technology 

Droplet generator 20 μm 

CO2 laser > 8 kW > 12 kW  25 kW 

Pre-pulse Pico second 

20 μm 30 μm 

• Collector with grating will improve the power budget from EUV 
plasma to IF clean.  

DUV 
Filter 

Conventional Collector 

Collector w/ Grating 

DUV 
Filter 

IR 
Filter 

Clean 
EUV 

IR+DUV 
+EUV 

Aperture 

DUV 
+EUV 

Conventional w/ Grating 

H2 Pressure <20Pa <20Pa 

Collector Efficiency >74% >74% 

Collector Reflectivity >50% >45% 

Gas Transmittance >95% >95% 

IR Filter Efficiency (73%) (100%) 

DUV Filter Efficiency (85%) (85%) 

Plasma to IF clean 21.7% 26.7% 

1. Droplet generation and Control 2. Hybrid CO2 Laser System with short pulse high rep. rate Oscillator and FTF Amplifiers 

4. Collector Mirror with grating structure for High efficient out of band light reduction 

5. Tin debris mitigation with a super conductive magnet 

6. System performance 

Droplet 
generator 

Collector 
Mirror 

Pre-pulse 
Laser 

CO2 
Laser 

Plasma 

IF 

Magnet 

Gigaphoton’s Concept 

 Reduced diameter from 30 to 20um realized by 

  Particle management technology and Nozzle technology. 

 Optimum size in terms of 

  EUV power, Debris mitigation and Lifetime of generator. 

 Position is controlled within +/- 5um during operation 

 Volume  
< 1/3 

Improve 

Measured IR Reflectivity 0.37% 

Osc 
Pre 
amp MA2 MA3 

Is
o
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MA1 

QCL 

Seeder 1 

(1) 

Special design 

custom-built  

“regenerative” 

CO2  amplifier 

1=P18 

2=P20 

3=P22 

4=P24 

 

Key features: 

QCL 

Seeder 2 

(2) 

QCL 

Seeder n 

(n) 

● 
● 
 

A. Multi-line oscillator 

3.5·106 pulses 
accumulated 

14 ns FWHM 

Over 20kW achieved 
in a cascade of 
amplifiers. Operation 
at 15ns pulse duration, 
100kHz rep. rate. 
Connecting to EUV 
chamber is going on. 

Combination B. Amplifiers  

Fast fast-transverse-
flow lasers offer a 
higher gain and a 
shorter optical path in 
the amplification as 
compared to the fast-
axial-flow (FAF) CO

2
  

lasers. 

Flat disk  
like target 

psec nsec Dome 
like target 

Pre-pulse smashes liquid tin droplet make dome of tin mist 
which enable CO2  light to spread into every particle of tin. 

High rep-rate 0-100kHz 
On-demand pulsing 
No pedestal 
Pulse-width-adjustable, 13-35ns 
Very stable in  
    pulse energy, spectrum, pulse-shape etc. 

psec pre-pulse makes differences in target condition. 

Pre-pulse Pre-pulse 

Wide EUV 
emission 

Improvement in Ionization rate and Conversion Efficiency  

Toward Higher CE for Higher Power in HVM 

Droplets 

CO2  
Laser 

Plasma 

Concept 

Recent result  

Works well with 
small size 
droplets and 
even small 
amount of H2 
gas 

Power Budget Improve 

Tin ions lost their energy during helical motion by 
Lorentz force even under small amount of H2 gas. 

Proto #1 

Proto #2 

20kHz Operation (open-loop) 

Improve Improve 

Droplet stability 

Operating 
Parameters 

Advanced 
Metrology 

Computational 
Simulation 

Precise Laser 
Control 

Higher CE 
Performance 

Dome Like 
Target 

Physical 
Property 

Predicted 
CE Performance 

EUV 
Emission 

Achieving higher CE by the 
study combining advanced 

metrology and computational 
simulation. 

Target Specification 

EUV Power  > 250 W 

CE  > 4% 

Pulse rate 100 kHz 

Availability > 75% 

Droplet size < 20um 

CO2 Laser Power  25 kW 

Pre-pulse Pico second 

Debris Mitigation 
> 15 days 

(>1500Mpls) 

Pilot: Construction in progress 
EUV Scanner 

EUV clean power 10W 
3days, Total 444Mpls 

20kHz operation （open-loop) 

The current 
target is long–
time-operation 
with high power. 

Improve 

Good performance 
to confirm magnetic 
mitigation.  
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Collector Radius, mm 

Phi = 45° Phi = 135°

Phi = 225° Phi = 315°

Measured EUV Reflectivity 50% 
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3. Pre-pulse Technology for High CE and 
    Ionization Rate 

EUV clean power: 42W 
3 hours 

60kHz operation （open-loop) 

EUV averaged power: 83W 
118W in burst, 10min operation 


